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INTRODUCTION:  Extra-articular  leg  deformities  may  occur  in  the  femur  or tibia  from  mal-unions  from
previous  trauma  or metabolic  bone  disease.  Secondary  osteoarthritis  at the  knee  occurs  due  to  loss  of
mechanical  alignment  of the  limb.  At surgery  for total  knee arthroplasty,  mechanical  alignment  can  be
restored  intra-articularly  with  appropriate  bone cuts and  soft  tissue  balancing.
PRESENTATION OF  CASE:  We  describe  2 case  studies  with  extra-articular  tibial  deformities  (9◦ and  24◦
varus  deformity)  which  were  corrected  with  a 1 stage  procedure  of total  knee  arthroplasty  with intra-
articular  deformity  correction.
DISCUSSION: Patient  selection,  pre-operative  considerations  and  surgical  technique  are  discussed  with
reference  to the literature.
CONCLUSION:  One  stage  intra-articular  correction  of  extra-articular  deformity  is  suitable  for mild degrees
of  varus  deformities  (<30◦).  Staged  corrective  procedures  with  larger  deformities  in  the  tibia or  femur
can  be  performed  with  extra-articular  osteotomies  on  top  of  intra-articular  corrections.  Consideration
should  be given  to  the  use of computer  navigation  when  conventional  jigs  cannot  be  applied  to  deformed
bone.
gical© 2012 Sur
. Introduction
Patients with a history of malunion in tibial or femoral frac-
ures invariably develop early secondary osteoarthritis at the knee
oint. Total knee arthroplasty (TKA) in such patients aims not only
o restore function and relieve pain, but also to restore the mechan-
cal axis of the leg. Current literature suggests 3 approaches to this
echnically difﬁcult procedure1: ﬁrstly, a 2 stage procedure of extra-
rticular osteotomy followed by total knee arthroplasty, secondly,
 one stage procedure where the osteotomy and TKA are done at
he same operation or thirdly, a one stage intra-articular correction
ith TKA. We  describe case studies of 2 patients with tibial malu-
ions and secondary osteoarthritis in the knee managed with a one
tage intra-articular correction.
. Case 1
A  50-year-old male presented with a history of 2 previous
ractures of his right tibia. These had been managed surgically
ith plating. Metalwork had been removed 10 years prior to
resentation except for 1 interfragmentary screw. He presented
ith gradually worsening right knee pain over the last 3–5 years,
ow being able to ambulate for a maximum of 10 min  with
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difﬁculty going downstairs. On clinical examination, he had a varus
deformity of his knee and a range of motion of 0–140◦. Radio-
graphic measurements revealed 9◦ of varus deformity with 11◦ of
recurvatum.
At operation, the remaining screw was  removed, followed by
a standard medial parapatellar approach to the knee. Femoral
and tibial cuts were achieved with pre-operative planning,
intramedullary femur jig and an extramedullary tibial jig. Soft tis-
sue releases include deep medial collateral and posterior release
followed by osteophyte resection at the posterior medial tibial
margin. A ﬁxed bearing posterior stabilised implant was  used
along with an offset tibial stem (4 mm lateral) that bypassed the
remaining screw hole. The patient had an uncomplicated 9-day
inpatient stay before being discharged.
The post-operative long leg ﬁlms showed a mechanical align-
ment of 0◦. The patient was followed up regularly for 3
years and achieved a post-operative range of motion of 0–120◦
(Fig. 1).
3.  Case 2
A  67-year-old lady presented with left knee pain and a progres-
sive varus deformity of her left leg. She previously had a stress
Open access under CC BY-NC-ND license.fracture of her left tibia, which was managed surgically with plat-
ing 8 years ago. Premorbidly she was  independently ambulant but
had progressively worsening left knee pain. On clinical examination
she had a severe varus deformity with a range of motion of 0–110◦.
NC-ND license.
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Meticulous pre-operative planning is imperative in such cases.
One has to consider the degree of deformity which may  appear
in 3 planes (coronal, sagittal and axial). Secondly, the cuts which
are performed perpendicular to the mechanical axis should notFig. 1. Long leg ﬁlms of Case 1 before and after.
adiographic measurements revealed a 24◦ varus deformity with
o deformity in the sagittal plane (Fig. 2).
At operation, the 3 most proximal screws from the tibial implant
ere removed under image intensiﬁer guidance. This was to
ccommodate the tibial stem. Femoral and tibial cuts were achieved
ith pre-operative planning, intramedullary femur jig (10 mm dis-
al cut with 9◦ valgus) and extramedullary tibial jig. Soft tissue
eleases include deep medial collateral and posterior release fol-
owed by osteophyte resection at the posterior medial tibial margin
nd posterior femoral condyles. A ﬁxed bearing, cruciate substi-
uting implant, accompanied with a tibial offset stem was  used.
he patient was discharged on post-operative day 6 following an
ncomplicated recovery.
At 6 months post-surgery, she underwent total knee replace-
ent of the contralateral knee. She has been on follow up for 2.5
ears and her knee range of motion was 0–130◦ (Fig. 3).
. Discussion
Our 2 cases above illustrate the correction of extra-articular tib-
al deformities with a single stage total knee arthroplasty. Small
eries of such patients have been reported in the literature, the
wo largest being 40 corrections by Mullaji and Shetty2 and 15
orrections by Wang and Wang.3
Mullaji and Shetty report 22 femoral and 18 tibial deformi-
ies in 34 patients. 3 patients had a simultaneous osteotomy with
7 having an intra-articular correction with computer navigation.
he mean pre-operative varus deformity was 3.7◦ corrected to 0.9◦
ost-operatively. He concludes that single stage intra-articular cor-
ection is effective for deformities of 20◦ on the femoral side, or 30◦
n the tibial side which corresponds to a 20 mm  femoral cut or
0 mm tibial cut. However, osteotomies have to be considered inFig. 2. Long leg ﬁlms of Case 2 before and after.
larger deformities due to the bone cuts compromising the attach-
ments of the collateral ligaments.
Wang and Wang report intra-articular correction of 8 tibial and
7 femoral malunions. Pre-operative varus deformity was  22.7◦ cor-
rected to 0.3◦ post-operatively. 4 knees with a tibial malunion of
more than 20◦ varus needed a cortico cancellous bone autograft.
Other papers have published smaller series of patients.2–4Fig. 3. Clinical photographs of Case 2 at 2 month follow up.
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ompromise the attachments of the collateral ligaments. Addition-
lly, in severe deformities, augments and stemmed implants have
o be on hand if required to achieve stable ﬁxation. Medial-lateral
nd ﬂexion-extension balance has to be achieved with extensive
oft tissue release, and if the deformity is too severe to achieve soft
issue balance, extra-articular osteotomies should be performed
nstead.
Lonner et al.5 stated concerns of a single stage TKA where the
emoral component may  not sit ﬂush on concave cut bone lead-
ng to early failure. Additionally, he had concerns that there would
e ligamentous imbalance in extension in large deformities. He
escribed a series of 11 knees with femoral deformities treated with
 single stage femoral osteotomy and TKA. Fixation options of the
emoral osteotomy include blade plate (7 patients), retrograde nail
2 patients) and femoral long stem (2 patients). One patient with
emoral long stem ﬁxation underwent non-union of the femoral
steotomy. All other femoral osteotomies healed within 16 months.
Klein et al.4 and Kim et al.6 both emphasise the use of computer
avigation in one stage intra-articular correction as using computer
avigation. Conventional intramedullary jigs were not usable in
eformed femurs and tibias and the surgeon can implant the pros-
hesis in a position consistent to the true mechanical axis of the leg.
sing computer navigation also allows one to use software to sim-
late the femoral component size thus achieving ﬂexion-extension
ap balance. In populations where coronal femoral bowing is a sig-
iﬁcant factor, computer navigation bypasses that concern by using
he femoral head and knee centre to compute the mechanical axis.
Additional points to consider are that previously implanted met-
lwork should be retained as far as possible to avoid compromise
o the skin condition by having as few skin incisions as possible.
nly sufﬁcient metalwork should be removed for implantation of
he knee prosthesis. The tibial stem component should bypass the
tress risers created from where the screws have been removed.
. ConclusionThere are roles for both intra- and extra-articular corrections.
he majority of deformities are within the range of intra-articular
orrections, thus achieving the potential beneﬁts of a less invasive
peration, shorter hospital stay and shorter rehabilitation period.
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However, extra-articular osteotomies have to be considered in
more severe deformities. The use of computer navigation is useful
if the use of traditional jigs is precluded by deformities, and also to
obtain alignment of the total knee prosthesis with the mechanical
axis.
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